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Annomauua: Jannaa paboma omHocumca K mexHonoeuu HeopeanuuecKkux Beuyecme. Ona mozcem Ov1mb 
UCNOb306AHaA NPU noyYeHUU aOMUHULICOdepaCcaUx KOdeyiAHmo6. C ux NOMOWbIO NpedjODCeHbI 
Memoovl obpabomKu cmou4HoIx 60d NpOMbIWIeHHoIX NpeOnpuAmuU, A makoice MU6HEeBbIX 600, 
codepacaiyux HeqdbmenpooyKmol. B OanHou pabome npedcmaéileHbl KONKpemuble NDUMeEpoI pe3zvibmamol 
uccledosaHUuu nO OYUCMKe NPUpOOHNbIX, NpOUZ60OCMBeHHbIX U HeEdmecodepocawux CMOUYHbIX 6OO C 
ucnojb3z0eanuem Hoeolx OXA nomyyeHHoix no Ho6eoti mexHonoeuu. Jana oyenka saqqexmueHocmu 
Oeticmeua Koaeylanmo6-diokyianmoe OXA Ha MOOebHbIX U PEAIbHbIX NPUPOOHbIX U NPOMbIWULIEHHbIX 
cmouneix 6odax. TIpouz6edeHo cpaeHeHue HO6bIX KOMNO3ZUYUOHHbIX Mamepuanog c  wupoKO 
NPUMeHAeMbIMU OIA IMUX Yee UZ6eCMHbIMU AHaIO2aMU, KOd2yIAHMaMU - CyAbqamom asOMUHUA U 
acene3sHbim Kynopocom. J{aHa oyenKka aqqexmuenocmu dOeticmeua Kodeyaanmo6-qsokyAANMOG 
GIOMUHUUCODEPIHCALYUX KOAZVIAHMOG HA PCAbHbIX NDOMbIULIEHHbIX CMOUHbIX BOOAX. 


Kuroueeoie cnoea: Ocnoexou xaopud antomunua (OXA); peazeHmuaa ouucmKa 6O0Obl KOa2yAAYUOHHDbIE 
C60UCM6A; CMOUHb1Ee BOOK; AIIOMOKAbYUesbIl KOd2yAHM. 


AKTYyaJIbHOCTb MIpoOsJIeMBI 


3alluTa OkpyxKarolleli cpeybl OT 3arps3HeHHi ABJIAeTCA BarxKHeliIlel MpoOMemMoi COBpeMeHHOCTH. 
PelmuTb faHHy¥O TmpoOseMy -MO%KHO TOJIbKO KOMIIJICKCHbIM, MHOFOMJIaHOBbIM TOJ{XOJOM, peat 
MHO%KECTBO APyrHx 3aja4, B TOM 4HCIe 3aadW yTHIM3alHH OTXOOB, OUMCTKH MOBePXHOCTHBIX HU 
CTOUHBIX BO, CO3L1aHHA SKOJIOTH4YCCKH YACTHIX TEXHOJIOIMH HM T.I1. 


OHUM 3 BaxKHBIX aCIICKTOB OXpaHbl OKpy2xKaloluleli cpebI ABNAIOTCA 3aljMTa BOAHOTO OacceliHa OT 
3arpa3HeHH WM OYMCTKa MOBePpXHOCTHBIX BOA, IMTbeBOrO Ha3HadeHHA. OHM H3 OCHOBHBIX MeCTOOB 
OYMCTKH BOJIbI OT B3BCLICHHBbIX, KOJWIOMHbIX HM PaCTBOPHMBIX BeLeCCTB ABIIACTCA KOaTyJIALMOHHbIM 
MeTOJ, COBEPIICHCTBOBaHHe KOTOPOTO BO3MO%KHO JIMIWb IPH MIpHMeHeCHHM HOBBIX, OosIee 39:—)eKTHBHBIX 
KOaryJIAHTOB. OJHUM W3 TAKHX KOAryJIAHTOB ABJIACTCA OCHOBHOU XJIOpHy amtomuHna (OXA). 


KoaryJ1al{MOHHBEIe CBOMCcTBa OXA B 3aBHCHMOCTH OT OCHOBHOCTH H3yY4eHbI HeAOcTaTOUHO. Kpome Toro, 
WMeeTCA MaJIO CBeAeCHHM O CO3aHHH CMeIIaHHbIX KOaryIAHTOB Ha OCHOBe COeMHeHHH ayIOMHHHA, 
KOTOPBIe, pe MONOXKUTEIbHO, MOFyT CYLICCTBCHHO YJIYYLUIHTb IpOlecc OYMCTKH BOJEI. 
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Lens u 3aqa4un padortsr 


C yembio TpeyqoTBpaljeHua yujepOa OKpy2xKalollei cpeye HU 340POBbIO HacesIeHHA pa3spaOoTaHbI OCHOBBI 
TIpoleccoB TOJyYeHHA BbICOKOIPMeKTHBHBIX KOaryIAHTOB 3 aJIKOMMHMMcosepxalllMx OTXOOB, 
OTIMYAIOMIMXCA TpocTOTOM TexHOJOrM4ecKHX pellleHHii MW 9KONOrMYeCKOM Oe30nMacHocTbro. JIA 
JOCTWKCHHA NOCTABJICHHOH WesIM pellleHbl ClleyrouMe 3aa4u: 


> wccileqoBaH Wpolecc wu pa3padoTaHa TexHOsorua MomryueHua OXA v3 TuaApoKcuya atHOMMHMA, 
ABJIAFOWETOCA OTXOOM IIPOH3BOACTBaA 9BJICEKTPOJIMTHYeECKOTO TpaBJIeEHHA aJIKOMHHHA B pacTBope 
xlopHyja HaTpusA; 


> wccieqoBaH Wporlecc wu pa3spadoTaHa TexHoIorHa MomyyeHua OXA v3 HEKOHMIMOHHOTO xsopuna 
aJIKOMMHHA; 


> V3y4ens1 (pH3MKO-xHMuyecKHe MW KOaryJIAWMOHHbIC CBOHMCTBa BHOBb CHHTC3HUPOBaHHBIX KOaryJIAHTOB 
B Wpolecce OYUMCTKH NOBCPXHOCTHBIX UW CTOUHBIX BOL. 


YctTaHOBJIeHO, 4TO TPH B3AaMMOAeMCTBHU C COJAHOM KMCIOTONH THApOKCHAa aIKOMMHHA, ABJIAFOWerOca 
OTXOJOM 9JICKTPOJIMTHYeCKOrO TpaBJICHHA aAJIKOMMHHA, He3aBHCHMO OT MOJIbHOrO COOTHOIMeHHA 
peareHToB oOOpa3yeTca cpeHad cob xopuya amromMuHua. I[pu HeoctaTke KHCIOTbI OOpa30BaHHA 
OCHOBHOM COJIM XJIOpHya ayKOMMHHA He MPOWMCXOAMT, YMeHbiUlaeTcA JIMMIb CTeleHb H3BIeueHHA 
asIIOMMHHA H3 OTXON0B. BrepBble WpewoOx*KeHO Id MouyaeHuA OXA Cc BBICOKHM BBIXOOM TIpoyyKTa 
OCYIIECTBIATh Ipouecc WyTeM MOpUMOHHOTO BBeACHHA OTXOAOB B COJIAHYIO KHCIOTY, YTO MO3BOJIACT 
CMellaTb OOpaTHMy?10 peakI{MIo THApouM3a XTOpua asIOMHHUA B CTOPOHY OOpa30BaHHA OCHOBHOM CosIM. 


V3y4enHo BJIMAHHe KOHUCHTpawHH paCTBOPpOB HCKOHAMUMOHHOTO XJIOpHa asIKOMMHHA Ha IIpomecc 
pacTBOpeCHHA MeTasIIM4eCKOrO aJIFOMHMHHA. OnpeyeseHbi OMNTHMaJIBHbIe YCJIOBHA BCTCHHA Wpolwecca, u 
paccuHTaHbl WapaMeTpbl, IWO3BOJIAIOWMMe WWOTYUAaTb BbICOKOOCHOBHO/ XJIOPH] ayIKOMHHHA IIpu 
UMCIIOJIB3OBaHHN Kak pa30aBJICHHBIX, TaK HW KOHUCHTPHpOBaHHbix PpaCTBOPOB XJIOPH]a asIHOMMHHA. 


YcTaHOBJIeHa 3ABHCHMOCTh IJIOTHOCTH, BA3KOCTH, TeMIlepaTyp KHIeHHA HW 3aMep3aHHA pacTBopoB OXA 
OT HX KOHIeCHTpalyu. 


IIpou3sBsoycTBa WH HoTpeOmeHHaA aOMHHMicosepxKallMx KOarysIAHTOB. OrTmeyaetca, 4TO B CBA3H C 
ePUUHTOM BbICOKOIeKTHBHBIX OTCYCCTBCHHBIX KOAaTyJIAHTOB WIMpoKO BeyleTcad uHMTOpT OXA u3 
3apyOexKHBIX CTpaH. OTeuecTBeHHBIX mpon3BogzuTemeh OXA HeMHOrO, H MOLIHOCTb YCTaHOBOK IO ero 
BbIIlyCKy HeBesIMKa. Cka3bIBaeTCA HeOCTaTOK MCCIeqOBaHH Kak B OOJacTH pa3paOoTOK TexHOJIOrMH 
nosyuenna OXA, Tak HB OOsIaCTH MIpHMeHeHHA ero B IIpoleccax BOAOOUMCTKH. 


Iloka3aHo, 4YTO Mporecc nomyyenua OXA cBa3aH C OOJIbIIMM KOJIMYeCCTBOM HeorpeyeueHHoctel,' 
KOTOpble TpyIHO MOAaroTCA KOHTpOIO U yupaBsenuto. IlooroMy pW UcHONb30BaHHN JIA NOWyIeHHA 
OXA HOBBIX BHJOB CbIpba, B TOM 4HCIe HW OTXOZOB, HeOOXOHMO MIpOBOAUTb criel{WasIbHbIe 
viccuIeqOBaHHA. 


JIia OWeHKH KayecTBa MOJLYYCHHBIX KOaryJIAHTOB CIIYWKHJIM CIeAyIOWWe MoKa3aTeIM: KOHIeCHTpalna 
HOHOB aJIFOMMHHA, MOHOB xJIOpa HM CBOOOAHOM COMHOM KMCJIOTbI, OCHOBHOCTS, IIJIOTHOCTb H BA3KOCTB, 
BOJOPOAHbIM NOKa3aTesb (pH), TemmepaTypa KHNeHHA HU 3aMep3aHHA (KPHCTAaJIM3al{MH) paCTBOpoB. 


OcHoBHOCcTb pacTBopos OXA onpegzensmu 10 Popmyse N = (1 — n/3)- 100%, 


rye MI - KOUM4YeCTBO aTOMOB xJIOpa, IpHXoOAAMxca' Ha OMH aTOM aJIIOMHHUA B PopMysie, KOTOpO!t 
OTBe4aIOT COC AMHEHHA OCHOBHOLO xjIOpuya aromMuHua — A1(OH)3.n0Cl1 mn. 


UccneqopaHua KOaryJIA{MOHHbIX CBOMCTB BHOBb MOJIYYCHHBIX peareHTOB OCYIeCTBIIAIM MeTOJOM 
poOHoro KoarysMpoBaHua. B ucxogHO WU OUMMIeHHOM BOZe OMpexenamM pH, B3BellIeHHbIe BelecTBa 
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(myTHocTb), XIIK, 2%*xHpbI, W[eIOUHOCTb, UWBeTHOCTb HM OCTATOYHBIM alIOMHHHH. DnsIbTpyeMocTb 
CKOaryJIMpOBaHHOro ocayKa Uu3y4aIw MyTeM orlipeyeyieHHA YyebHOrTO COMpOTHBJICHHA Keka, 
oTuararoljeroca Ha (puJIbTpe. 


Pe3yiIbTaTbl WCCeOBAaHH MO TOyYYCHHIO HOBbIX KOaryJIAHTOB H3 OTXOJOB pou3BoycTs. beim 
W3y4eHbI Imporecc nomyyeHua OXA v3 Tu~ApoKcnya awoMHHUA, OOpa3ylolleroca B pe3yJIbTaTe 
QIEKTPOMTHYECKOTO TpaBJICHHA MeTAWIM4eCKOTO aJIKOMHHHA B pacTBOpe xJIOpHa HaTpuA; mpoLecc 
nosyaenna OXA u3 OTXONOB, MpeACTaBIAIOWIMX COOOM YacTH4HO OOBOAHCHHBIM XJIOpH] alKOMHHMA, a 
TakKe Tpowecc MOUYYeHHA CMeWIaHHOrO aJIIOMOKaJIbUMeBOrO KOaryJIAHTa Ha OCHOBe HaKHIIHBbIX 
OTIIOXKEHHU TerIOOOMeHHOrO OOopy AOBaHHA. 


OTXOAbI TpaBIeHHA aIOMMHMA TpecTaBsaiH coOoi macTooOpa3Hyro Maccy, coyxlepxKailty1o 26-30 % 
AI1(OH)3, 8-15 % NaCl, 1,5-4 % Na2S04, 6070 % H20, a Takxe MukpompHMecn: Meyb, %Kes1e30, 
KPeMHHH, MOBeEPXHOCTHO-aKTMBHBbIe BelleCTBa — B KosIMYecTBe 0,2 %. IIpouecc nomyyenua OXA 
OCYIeCTBIAIM IyTeM B3aMMOeHCTBHA aHHbIX OTXOJOB C CONMHOM KHCIOTOM pu TemMieparype 
KHMeHHA peaKIMOHHOH Maccel. 


YcTaHOBIIeCHO, TO CTeMeHb H3BIICUCHHA AaIIOMHHUMA M3 OTXOAOB TPH W30bITKe KHCOTEI B TedeHHe 3-x 
yacos WoctTuraeT 98-99 %. B aHallOrM4HbIxX YCIOBHAX CTeMeCHb U3BIICUCHHA AIKOMHHUA W3 TEXHHYeECKOTO 
THEpOKcHya asKOMMHUA cocTaBiaeT 61 %, 43 THApOKcH a asKOMHHHA MapKH 4a Bcero 54 %, 4TO 
CBUJCTCIBCTBYeT O 3HAYHMTCIbHO OOsIbINeH XMMM4eCKOM aKTHBHOCTH THpOKcHAa aIOMHHUA, 
coyjepKalleroca B OTXOaX, IO CpaBHeHHIO C YHCTbIMH TIpOAyKTaMu. 


Bpis0 TakoKe yCTAHOBJICHO, 4TO He3ABHCHMO OT MOJIbHOrO cooTHomeHua Al(OH)3 : HCl mpu o6sraHom 
BeJeHHH Tpolecca, T.e. MOcIe OJHOBPeMeHHOM 3arpy3KH HCXOHBIX BeLIeCTB B peakTOop, OOpa3yerTca 
CpeqHAA COJIb XOpHyAa amtomMHuA. HeyocTaToK %Ke COAHOM KHCJIOTbI CKa3bIBaeTCA JIMUb Ha CTelIeHH 
W3BJICUeHHA aIIOMMHHA W3 OTXOOB, KOTOPad YMeHbIUAeTCA IPAMO MpOMOpUHOHAaIbHO YMeCHbLLIeCHHIO 
KommuectBa HCl. 3aBucuMoctTs coyepxaHHA CBOOOAHOM COAHOM KHCIOTHI B MOUYYCHHBIX TpOMyKTax OT 
MOJIbHOrO cooTHOMmeHHaA A1(OH)3 : HCl cBuyetensctByet, 4TO MexKY HUCXOQHBIMH BeLIeCCTBAMH 
IIpOAyKTaMH peaKWMH ycCTaHaBsIMBaeTCA paBHOBecHe, KOTOpOe IIpellATCTByeT aJIbHellWemy 
B3anMoencTBHIO HC] c A1l(OH)3. 


Jia MosyueHHA OCHOBHOTO XJIOpHa asIIOMMHHA TpeyoOxKeHO Mpolecc B3aMMOjeHCTBHA THApOKcua 
asJIOMMHHA C COUMAHOM KUCIOTON MPpOBOAMTb IyTeM BBeJ[CHHA OTXOOB B COJIAHYIO KHCJIOTY B H€CKOJIbKO 
mpvemos. V3yyeHve aHHOoro mpolecca MWoKa3ai0, 4TO MpH MOpWHOHHOM BBeJIeHHH OTXOOB B 
pe3yIbTaTe CMelICHHA paBHOBeCHA B CTOPOHY MpOAYKTOB peakIMH cCo3saloTCaA yCiOBMA WA 
JasIbHeMMero B3AaMMOJeCHCTBHA COJIAHOM KHCIIOTbI C THA POKCHAOM aJIKOMMHHA, YTO MO3BOJIAeT MOUyYaTb 
OXA Cc BBICOKOM CTEMeCHbIO H3BIICUCHHA AIKOMHHMA M3 OTXOJOB. 


PacTBOpbI HCKOHAHIMOHHOTO XIOpHa asIKOMMHMA XOTA HM MMEIOT OlIpeseIeHHY!O CTeIeHb OCHOBHOCTH, 
HO BCe XK€ ABJIAIOTCA KHCJIBIMM WM CYIIeCTBeHHO OTIIMYAIOTCA TIO KayecTBy OT pacTBopoB OXA. Tlosromy 
Ob H3y4eH Mpolecc HeliTpasM3allMu KHCIIBIX PaCTBOPOB MeTAaIIIMYeCKHM aIKOMMHHeM. OrpeyeueHHo, 
YTO CKOPOCTb pacTBOpeHHA MeTaJWIMYeECKOTO asIKOMHHMA B pacTBOpax XJIOPH Aa aTOMMHUA OMpeyesAeTca 
KOHI[eHTpallvei CBOOOTHOM COsAHOM KHCIIOTbI, KOTOpad B KOHICHTPHPOBaHHbIX pacTBopax xJIopuya 
aJIKOMMHHA COCTaBJIAeT BeIM4YnHYy TopsayKa 50-70 r/qM3, a B pacTBopax c KOHIeHTpamMeli A1C13 yo 200 
r/M3 coyepxaHue HCl Moxer KomeOatbca oT 20 Wo 35 r/yM3. 


KwHeTuueckue KpHBbIc pacTBOPeHHA MeTaJIMYeCKOrO aJIKOMHHHA B pacTBOpax XxJIOpHa asIKOMMHHA 
IIpe{CTaBJICHbI Ha PHCyHKe 2. 


Ycnosua onbita: ucx. Konn. AlC13 — Ycnosua onpita: ucx. konu. AlC13 — 


357 r/aM3, 156 r/M3, Metanm. Al - 72 r/mm3, T - 104 °C Metanm. Al - 33 r/qM3, T - 102 °C a) 6) 
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IIpequioxeHa MeTOAMKa pacueta KOJIM4eCTBA BBOJMMOrO B peaKIUMIO MeTasIM4eCKOrO aJIKOMHHHA WIA 
nomyuenua OXA 3anaHHOM OCHOBHOCTH B 3aBHCHMOCTH OT COCTaBa HCXOJHBIX pacTBOpOB xsIOpHya 
aJIHOMMHHA. PacueTHble JaHHbIe MOATBEp%KACHbI pe3yIbTaTAaMU IKCIIEPHMCHTOB. 


Ha OcHOBaHHH IIpOBeeHHbIX MCCICIOBaHHH OlpeeIeHbl ONTHMaJIbHbIe YCJIOBHA MOJyYeHHA 
BBICOKOOCHOBHOrO xXJIOpHya aoMuHHA. Jia omyueHua OXA c maccoson yomet AI203 10-11 % 
MO2%KHO HCHOIb30BaTb PacTBOpbI C KOHYeHTpauMert A1C13 ot 150 go 200 r/aM3, KoMueCTBO BBOAMMOrO 
MeTAJWIMYeCKOLO aIKOMHHMA JOJNKHO COCTaBIIATh OT 33 Wo 35 r/4M3, MpOAOIMKUTeNbHOCTA porecca - 8 
yacos. Jia momyyenua OXA c mMaccosoi fone A1l2O9 ot 17 no 20 % HeoOxoqMMO UCTIOb30BaTb 
KOHIeCHTpupoBaHHble pacTBopsl c coxepxKaHuem AICI3 or 320 yo 370 r/gM3, KomM4eCcTBO WOOaBIeHHOrO 
aJIKOMMHHA IIpH ITOM OJDKHO COCTABIATb OT 58 TO 66 r/M3, IpOAOIMKUTeIBHOCTh Mpomecca — 3 yaca. 


Vi3yyeH mpolecc HelitTpamu3alyMH pacTBopoB XxIOpuya asIOMHHHA KapOOHaTHbIMH HaKHIHbIMH 
OTIOXKCHHAMH, OOPa3yIONIMMHCA Ha MOBEPXHOCTH TeMIOOOMeHHOrO OOOpyAOBaHHA, B pe3yJIbTaTe 4ero 
ObLI TOUyYeH aIIOMOKaJIbUMeBbI KOaryJIAHT. YcTaHOBIeHO, 4TO TepBOHayasIbHoe pacTBOpeHue 
KapOOHaTHBIX OTIOKCHHM UCT 3a CUeT CBOOOTHOM COMAHOM KUCIOTHI, BCeraa CONepxKalllelica B pacTBope 
xJlopHya amzomMuHHa. Ilo Mepe pacxoqoBaHHA STOM KHCJIOTbI HET THAPOMM3 XNOpHa aKOMHHHA C 
oOpa30BaHHeM HOBbIX MOP KHCIIOTbI, BCJICACTBHe 4ero MpOuCXOAUT asbHeiliee pacTBopeHue 
HaKHUHbIX OTIOKeCHHH. JaHHbIM BEIBOA MOATBEp2KeH IKCIIEPHMCHTOM. 
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